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FOREWORD

The work reported herein was sponsored by the National Aero-
nautics and Space Administration (NASA), Marshall Space Flight
Center (MSFC) (I1- E-J), under System 921E, Project 9194.

The results of the tests presented were obtained by ARO, Inc.
(a subsidiary of Sverdrup & Parcel and Associates, Inc.), contract
operator of the Arnold Engineering Development Center (AEDC),
Air Force Systems Command (AFSC), Arnold Air Force Station,
Tennessee, under contract AF40(600)-1200. Program direction was
provided by NASA/MSFC; engineering liaison was provided by North
American Aviation, Inc., Rocketdyne Division, manufacturer of the
J-2 rocket engine, and Douglas Aircraft Company, manufacturer of
the S-IVB stage. The testing reported herein was conducted on
October 24, 31, and November 7, 1967, in Propulsion Engine Test
Cell (J-4) of the Large Rocket Facility (LRF) under ARO Project
No. KA1801. The manuscript was submitted for publication on
December 13, 1967.

Information in this report is embargoed under the Department of
State International Traffic in Arms Regulations. This report may be
released to foreign governments by departments or agencies of the
U. S. Government subject to approval of NASA, Marshall Space Flight
Center (I-E-J), or higher authority. Private individuals or firms
require a Department of State export license.

This technical report has been reviewed and is approved.

Harold Nelson, Jr. Leonard T. Glaser
Captain, USAF Colonel, USAF
AF Representative, LRF Director of Test

Directorate of Test
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ABSTRACT

Six firings of the Rocketdyne J-2 rocket engine were conducted
during test periods J4-1801-13, 14, and 15 on October 24, 31, and
November 7, 1967, respectively, in Test Cell J-4 of the Large
Rocket Facility. These firings were accomplished at pressure alti-
tudes ranging from 98, 000 to 107, 000 ft to evaluate fuel pump start
transient performance utilizing lower than minimum engine model
specification fuel pump inlet pressure as required on AS-503 and
subsequent flights. Engine components were thermally conditioned
to temperatures observed in the S-II interstage/engine environment
during the flight AS-501 countdown demonstration. The accumulated

firing duration was 100. 84 sec. .
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to the start tank discharge valve solenoid

Vibration safety counts, defined as engine vibration in excess
of 150 g rms in a 960- to 6000-Hz frequency range
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SECTION |
INTRODUCTION

Testing of the Rocketdyne J-2 rocket engine using an S-IVB battle-
ship stage has been in progress since July 1966 at AEDC in support of
the J-2 engine application on the Saturn IB and Saturn V launch vehicles
for the NASA Apollo Program. The six firings reported herein were
conducted during test periods J4-1801-13, 14, and 15 on October 24, 31,
and November 7, 1967, respectively, in Propulsion Engine Test Cell
(J-4) (Figs. 1 and 2, Appendix I) of the Large Rocket Facility (LRF).
These firings were to investigate J-2 engine S-II/S-V start transients
utilizing a lower than minimum engine model specification fuel pump
inlet pressure as required on AS-503 and subsequent flights. The fir-
ings were accomplished at pressure altitudes ranging from 98, 000 to
107, 000 ft (geometric pressure altitude, Z, Ref. 1) at engine start.
Engine components were thermally conditioned to temperatures ob-
served in the S-1l interstage/engine environment during flight AS-501
countdown demonstration.

Data collected to accomplish the test objectives are presented
herein. The results of the previous test periods are presented in
Ref. 2.

SECTION I
APPARATUS

2.1 TEST ARTICLE

The test article was a J-2 rocket engine (Fig. 3) designed and
developed by Rocketdyne Division of North American Aviation, Inc. The
engine uses liquid oxygen and liquid hydrogen as propellants and has a
thrust rating of 225, 000 lbs at an oxidizer-to-fuel mixture ratio of 5. 5.
An S-IVB battleship stage was used to supply propellants to the engine.
A schematic of the battleship stage is presented in Fig. 4.

Listings of major engine components and engine orifices for this
test period are presented in Tables I and II, respectively (Appendix II).
All engine modifications and component replacements performed since
the previous test period are presented in Tables III and IV, respectively.
The thrust chamber heater blankets were in place during this test period,
although they were not utilized.
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2.1,1 J-2 Rocket Engine

The J-2 rocket engine (Figs. 3 and 5, Ref. 3) features the following
major components:

1.

Thrust Chamber - The tubular-walled, bell-shaped thrust
chamber consists of an 18, 6-in. -diam combustion chamber
(8.0 in. long from the injector mounting to the throat inlet)

with a characteristic length (L*) of 24.6 in., a 170.4-in.2
throat area, and a divergent nozzle with an expansion ratio of
27.1. Thrust chamber length (from the injector flange to the
nozzle exit) is 107 in. Cooling is accomplished by the circula-
tion of engine fuel flow downward from the fuel manifold through
180 tubes and then upward through 360 tubes to the injector.

Thrust Chamber Injector - The injector is a concentric-orificed
(concentric fuel orifices around the oxidizer post orifices),
porous-faced injector. Fuel and oxidizer injector orifice areas
are 25.0 and 16.0 in.z, respectively. The porous material,
forming the injector face, allows approximately 3.5 percent of
total fuel flow to transpiration cool the face of the injector.

Augmented Spark Igniter - The augmented spark igniter unit is
mounted on the thrust chamber injector and supplies the initial
energy source to ignite propellants in the main combustion
chamber. The augmented spark igniter chamber is an integral
part of the thrust chamber injector. Fuel and oxidizer are ig-
nited in the combustion area by two spark plugs.

Fuel Turbopump - The turbopump is composed of a two-stage
turbine -stator assembly, an inducer, and a seven-stage axial-
flow pump. The pump is self lubricated and nominally produces,
at rated conditions, a head rise of 35,517 ft (1225 psia) of liquid
hydrogen at a flow rate of 8414 gpm for a rotor speed of

26, 702 rpm.

Oxidizer Turbopump - The turbopump is composed of a two-
stage turbine-stator assembly and a single-stage centrifugal
pump. The pump is self lubricated and nominally produces, at
rated conditions, a head rise of 2117 ft (1081 psia) of liquid
oxygen at a flow rate of 2907 gpm for a rotor speed of 8572 rpm.

Gas Generator - The gas generator consists of a combustion
chamber containing two spark plugs, a pneumatically operated
control valve containing oxidizer and fuel poppets, and an in-
jector assembly. The oxidizer and fuel poppets provide a fuel
lead to the gas generator combustion chamber. The high energy
gases produced by the gas generator are directed to the fuel
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11.
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turbine and then to the oxidizer turbine (through the turbine
crossover duct) before being exhausted into the thrust-cham-
ber at an area ratio (A/At) of approximately 11.

Propellant Utilization Valve - The motor-driven propellant
utilization valve is mounted on the oxidizer turbopump and by-
passes liquid oxygen from the discharge to the inlet side of the
pump to vary engine mixture ratio.

Propellant Bleed Valves - The pneumatically operated fuel and
oxidizer bleed valves provide pressure relief for the boiloff of
propellants trapped between the battleship stage prevalves and
main propellant valves at engine shutdown.

Integral Hydrogen Start Tank and Helium Tank - The integral
tanks consist of a 7258-in.3 sphere for hydrogen with a
1000-in.3 sphere for helium located within it. Pressurized
gaseous hydrogen in the start tank provides the initial energy
source for spinning the propellant turbopumps during engine
start. The helium tank provides a helium pressure supply to .
the engine pneumatic control system.

Oxidizer Turbine Bypass Valve - The pneumatically actuated
oxidizer turbine bypass valve provides control of the fuel
turbine exhaust gases directed to the oxidizer turbine in order
to control the oxidizer-to-fuel turbine spinup relationship. The
fuel turbine exhaust gases which bypass the oxidizer turbine are
discharged into the thrust chamber.

Main Oxidizer Valve - The main oxidizer valve is a pneumatically
actuated, two-stage, butterfly-type valve located in the oxidizer
high pressure duct between the turbopump and the main injector.
The first-stage actuator positions the main oxidizer valve at

the 14-deg position to obtain initial thrust chamber ignition; the
second-stage actuator ramps the main oxidizer valve full open

to accelerate the engine to main-stage operation.

Main Fuel Valve - The main fuel valve is a pneumatically
actuated butterfly-type valve located in the fuel high pressure
duct between the turbopump and the fuel manifold.

Pneumatic Control Package - The pneumatic control package
controls all pneumatically operated engine valves and purges.

Electrical Control Assembly - The electrical control assembly
provides the electrical logic required for proper sequencing of
engine components during operation.
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15. Primary and Auxiliary Flight Instrumentation Packages - The
instrumentation packages contain sensors required to monitor
critical engine parameters. The packages provide environ-
mental control for the sensors.

2.1.2 $-1VB Battleship Stage

The S-IVB battleship stage is approximately 22 ft in diameter and
49 ft long and has a maximum propellant capacity of 46, 000 1b of liquid
hydrogen and 199, 000 1b of liquid oxygen. The propellant tanks, fuel
above oxidizer, are separated by a common bulkhead. Propellant pre-
valves, in the low pressure ducts (external to the tanks) interfacing the
stage and the engine, retain propellant in the stage until being admitted
into the engine to the main propellant valves and serve as emergency
engine shutoff valves. Propellant recirculation pumps in both fuel and
oxidizer tanks are utilized to circulate propellants through the low pres-
sure ducts and turbopumps before engine start to stabilize hardware tem-
peratures near normal operating levels and to prevent propellant tem-
perature stratification. Vent and relief valve systems are provided for
both propellant tanks.,

Pressurization of the fuel and oxidizer tanks was accomplished by
facility systems using hydrogen and helium, respectively, as the pres-
surizing gases. The engine-supplied gaseous hydrogen and gaseous
oxygen for fuel and oxidizer tank pressurization during S-II flight were
routed to the respective facility venting systems.

2,2 TEST CELL

Test Cell J-4, Fig. 2, is a vertically oriented test unit designed
for static testing of liquid-propellant rocket engines and propulsion sys-
tems at pressure altitudes of 100, 000 ft. The basic cell construction
provides a 1. 5-million-1bf-thrust capacity. The cell consists of four
major components (1) test capsule, 48 ft in diameter and 82 ft in height,
situated at grade level and containing the test article; (2) spray chamber,
100 ft in diameter and 250 ft in depth, located directly beneath the test
capsule to provide exhaust gas cooling and dehumidification; (3) coolant
water, steam, nitrogen (gaseous and liquid), hydrogen (gaseous and
liquid), and liquid oxygen and gaseous helium storage and delivery sys-
tems for operation of the cell and test article; and (4) control building,
containing test article controls, test cell controls, and data acquisition
equipment. Exhaust machinery is connected with the spray chamber and
maintains a minimum test cell pressure before and after the engine firing
and exhausts the products of combustion from the engine firing. Before
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a firing, the facility steam ejector, in series with the exhaust machinery,
provides a pressure altitude of 100, 000 ft in the test capsule. A detailed
description of the test cell is presented in Ref. 4.

The battleship stage and the J-2 engine were oriented vertically
downward on the centerline of the diffuser-steam ejector assembly.
This assembly consisted of a diffuser duct (20 ft in diameter by 150 ft
in length), a centerbody steam ejector within the diffuser duct, a dif-
fuser insert (13.5 ft in diameter by 30 ft in length) at the inlet to the
diffuser duct, and a gaseous nitrogen annular ejector above the diffuser
insert, The diffuser insert was provided for dynamic pressure recovery
of the engine exhaust gases and to maintain engine ambient pressure alti-
tude (attained by the steam ejector) during the engine firing. The annular
ejector was provided to suppress steam recirculation into the test cap-
sule during steam ejector shutdown. The test cell was also equipped
with (1) a gaseous nitrogen purge system for continuously inerting the
normal air in-leakage of the cell; (2) a gaseous nitrogen repressuriza-
tion system for raising test cell pressure, after engine cutoff, to a level
equal to spray chamber pressure and for rapid emergency inerting of
the capsule; and (3) a spray chamber liquid nitrogen supply and distribu-
tion manifold for initially inerting the spray chamber and exhaust duct-
ing and for increasing the molecular weight of the hydrogen-rich exhaust
products,

An engine component conditioning system was provided for tem-
perature conditioning engine components. The conditioning system
utilized a liquid hydrogen-helium heat exchanger to provide cold helium
gas for component conditioning. Engine components requiring tempera-
ture conditioning were the thrust chamber, crossover duct, main oxidizer
valve second-stage actuator, and start tank discharge valve. Helium was
routed internally through the crossover duct and tubular-walled thrust
chamber. The main oxidizer valve second-stage actuator was condi-
tioned by opening the prevalves and permitting oxidizer into the engine.
An external ambient helium purge was utilized to keep the actuator
temperature within the desired target region.

2.3 INSTRUMENTATION

Instrumentation systems were provided to measure engine, stage,
and facility parameters. The engine instrumentation was comprised of
(1) flight instrumentation for the measurement of critical engine param-
eters and (2) facility instrumentation which was provided to verify the
flight instrumentation and to measure additional engine parameters. The
flight instrumentation was provided and calibrated by the engine manu-
facturer; facility instrumentation was initially calibrated and periodically
recalibrated at AEDC. Appendix III contains a list of all measured test
parameters and the locations of selected sensing points.
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Pressure measurements were made using strain-gage-type pres-
sure transducers. Temperature measurements were made using
resistance temperature transducers and thermocouples. Oxidizer and
fuel turbopump shaft speeds were sensed by magnetic pickup. Fuel and
oxidizer flow rates to the engine were measured by turbine-type flow-
meters which are an integral part of the engine. The propellant recir-
culation flow rates were also monitored with turbine-type flowmeters.
Engine side loads were measured with dual-bridge, strain-gage-type
load cells which were laboratory calibrated before installation. Vibra-
tions were measured by accelerometers mounted on the oxidizer injector
dome and on the turbopumps. Primary engine and stage valves were in-
strumented with linear potentiometers and limit switches.

The data acquisition systems were calibrated by (1) precision elec-
trical shunt resistance substitution for the pressure transducers, load
cells, and resistance temperature transducer units; (2) voltage substi-
tution for the thermocouples; (3) frequency substitution for shaft speeds
and flowmeters; and (4) frequency-voltage substitution for accelerometers.

The types of data acquisition and recording systems used during this
test period were (1) a multiple-input digital data acquisition system
(MicroSADIC®) scanning each parameter at 40 samples per second and
recording on magnetic tape, (2) single-input, continuous-recording FM
systems recording on magnetic tape, (3) photographically recording
galvanometer oscillographs, (4) direct-inking, null-balance potentiometer-
type X-Y plotters and strip charts, and (5) optical data recorders. Appli-
cable systems were calibrated before each test (atmospheric and altitude
calibrations). Television cameras, in conjunction with video tape re-
corders, were used to provide visual coverage during an engine firing,
as well as for replay capability for immediate examination of unexpected
events.

2.4 CONTROLS

Control of the J-2 engine, battleship stage, and test cell systems
during the terminal countdown was provided from the test cell control
room. A facility control logic network was provided to interconnect the
engine control system, major stage systems, the engine safety cutoff
system, the observer cutoff circuits, and the countdown sequencer. A
schematic -of the engine start control logic is presented in Fig. 6. The
sequence of engine events for a normal start and shutdown is presented
in Figs. Ta and b. Two control logics for sequencing the stage pre-
valves and recirculation systems with engine start for simulating engine
flight start sequences are presented in Figs. 7c and d.
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SECTION i
PROCEDURE

Pre-operational procedures were begun several hours before the
test period. All consumable storage systems were replenished, and
engine inspections, leak checks, and drying procedures were conducted.
Propellant tank pressurants and engine pneumatic and purge gas samples
were taken to ensure that specification requirements were met. Chemi-
cal analysis of propellants was provided by the propellant suppliers.
Facility sequence, engine sequence, and engine abort checks were con-
ducted within a 24-hr time period before an engine firing to verify the
proper sequence of events. Facility and engine sequence checks con-
sisted of verifying the timing of valves and events to be within specified
limits; the abort checks consisted of electrically simulating engine mal-
functions to verify the occurrence of an automatic engine cutoff signal.
A final engine sequence check was conducted immediately preceding the
test period.

Oxidizer dome, gas generator oxidizer injector, and thrust chamber
jacket purges were initiated before evacuating the test cell. After com-
pletion of instrumentation calibrations at atmospheric conditions, the test
cell was evacuated to approximately 0.5 psia with the exhaust machinery,
and instrumentation calibrations at altitude conditions were conducted.
Immediately before loading propellants on board the vehicle, the cell and
exhaust -ducting atmosphere was inerted. At this same time, the cell
nitrogen purge was initiated for the duration of the test period, except
for the engine firing, The vehicle propellant tanks were then loaded,
and the remainder of the terminal countdown was conducted. Tempera-
ture conditioning of the various engine components was accomplished

as required, using the facility-supplied engine component conditioning
system. Engine components which required temperature conditioning

were the thrust chamber, the crossover duct, main oxidizer valve second-
stage actuator, and start tank discharge valve. Table V presents the
engine purges and thermal conditioning operations during the terminal
countdown and immediately following the engine firing.
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SECTION IV
RESULTS AND DISCUSSION

4.1 TEST SUMMARY

Six firings of the J-2 rocket engine (S/N J-2047) were conducted
during test periods J4-1801-13, 14, and 15 on October 24, 31, and
November 7, 1967, respectively, for a total firing duration of 100. 84
sec. The accumulated total firing duration of this engine at AEDC
through Test 15 is 161. 44 sec.

The main objective of these firings was to investigate J-2 engine
S-II/S-V start transient utilizing a lower than minimum engine model
specification fuel pump inlet pressure as required on AS-503 and
subsequent flights. Testing was accomplished at pressure altitudes
ranging from 98, 000 to 107, 000 ft at engine start and with predicted
S-1I interstage/engine temperature conditions as the targets for con-
ditioning engine components. Test requirements and specific test re-
sults are summarized in Table VI. Start and shutdown transient
operating times for selected engine valves are presented in Table VII.
Figure 8 shows engine start conditions for pump inlets, start tank,
and helium tank.

Although each test period was scheduled to include four engine
firings and one start tank discharge test, none of the three test periods
were completed as planned. Test period J4-1801-13 was cancelled after
two successful firings because of temperature conditioning difficulties
in the oxidizer pump inlet. Test period J4-1801-14 was cancelled after
one successful firing because the main oxidizer valve was slow in closing.
Test period J4-1801-15 was cancelled after two successful firings and a
start tank discharge test because of an augmented spark igniter ignition
detect probe failure. Specific test objectives and a brief summary of re-
sults obtained for each firing are presented as follows:

Test Objectives Test Results
13A Conduct a 30-sec firing to Chamber pressure buildup time
obtain a maximum S-II for this firing was 2. 245 sec.
thrust chamber buildup time Gas generator outlet tempera-
and a possible high level ture peaked at 1460°F. A
fuel pump stall. second gas generator outlet tem-

perature peak did not occur. No
fuel pump stall tendency was
noted.



13B

14A

15A

15B

15E

Test Objectives

Conduct a 5-sec duration
firing which could produce
a low level fuel pump stall,
a high gas generator outlet
temperature second peak,
and augmented spark igniter
erosion.

Conduct a 30-sec firing to
obtain a maximum S-II

thrust chamber buildup

time and a possible high level
fuel pump stall.

Conduct a 30-sec firing to
obtain a maximum S-1I

thrust chamber buildup

time and a possible high level
fuel pump stall.

Conduct a 5-sec firing to
evaluate S-II start condi-
tions which could produce
fuel pump cavitation, a high
gas generator outlet tem-
perature first peak, and aug-
mented spark igniter erosion.

Conduct a start tank discharge
test to evaluate the effect of
fuel acceleration pressure

loss in the fuel low pressure
duct on fuel pump performance.

AEDC-TR-68-16

Test Results

No fuel pump stall tendency
was noted. Gas generator
outlet temperature peaked
at 1390°F and experienced a
second peak of 1510°F. No
augmented spark igniter
erosion was noted.

Chamber pressure buildup
time for this firing was
2.174 sec. Gas generator
outlet temperature peaked

at 1180°F and experienced

no second peak. The margin
between stall inception data
and start transient fuel pump
head/flow data was conserva-
tive.

Chamber pressure buildup
time for this firing was

2,090 sec. Gas generator
outlet temperature peaked at
1240°F and experienced no
second peak. No fuel pump
stall tendency was noted in the
region above 17, 500 rpm.

The extent of cavitation, if any,
was not determined. Gas
generator outlet temperature
initial peak was 1710°F with no
second peak observed. No
augmented spark igniter erosion
was noted.

Fuel pump and oxidizer pump
peak spin speeds were 13, 900
and 3690 rpm, respectively.
Calculated minimum NPSH was
82 ft. No fuel pump stall ten-
dency was noted.

The presentation of the test results in the following sections will
consist of a discussion of each engine firing with pertinent comparisons.
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The data presented will be those recorded on the digital data acquisition
system, except as noted.

4.2.1 Firing J4-1801-13A

The programmed 30-sec engine firing was successfully accom-
plished. Test conditions at engine start are presented in Table VI
Engine start and shutdown transients are shown in Figs. 9 and 10, re-
spectively. Table VII presents selected engine valve operating times
for start and shutdown. Engine ambient pressure altitude at engine
start was 98, 000 ft and averaged 94, 000 ft during main-stage operation.
Figure 11 presents engine ambient pressure and combustion chamber
pressure for the duration of the firing. The propellant utilization valve
excursion, which changed engine mixture ratio from 5.0 to 5.5, is re-
flected in a combustion chamber pressure increase at about tgy + 14 sec.
Thermal conditioning history of engine components is shown in Fig. 12,

Test conditions for firing 13A were selected to obtain a maximum
S-1II thrust chamber pressure buildup time and a possible high level fuel
pump stall. Main-stage operation (chamber pressure of 550 psia) was
attained at tg + 2. 245 sec. Thrust chamber ignition (chamber pressure
attains 100 psia) occurred at tg + 1.043 sec with 33 msec of engine
vibration (VSC). Second-stage movement of the main oxidizer valve be-
gan at tg + 0. 982 sec. Movement at this time may be attributed to a low
net opening torque (73 in. -1b) and a low hydraulic torque which is
peculiar to S-II low energy starts.

Gas generator outlet temperature peaked at 1460°F. There was no
second peak because the main oxidizer valve moved from the 14-deg
plateau before conditions conducive to a second peak could be established
(Ref. 5). A negative differential pressure [AP = (PFPD) - (PCGG)] at
gas generator ignition has been noted on all S-II starts to date at AEDC
having cold thrust chambers (-250°F). However, because of the short
delay and travel times of the start tank discharge valve, the gas genera-
tor chamber pressure (initially an indication of start tank discharge
pressure) was essentially equal to fuel pump discharge pressure at gas
generator ignition. Therefore, the differential pressure across the gas
generator fuel injector was virtually zero.

Fuel pump start transient performance is shown in Fig. 13.
Transient fuel pump head/flow data showed the stall margin was conser-
vative.

The only other S-II slow thrust chamber pressure buildup firing
of the J-2 rocket engine at AEDC was firing J4-1554-29A (Ref. 5).
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The time to main-stage operation for this firing was 2. 054 sec. Gas
generator outlet temperature first peak was 1590°F with no second
peak. Movement of the second stage of the main oxidizer valve began
at tg + 0. 974 sec which was 52 msec before thrust chamber ignition.

Engine steady-state performance data are displayed in Table
VIII. The data presented were for a 1-sec time slice from 29 to 30
sec and were computed using the Rocketdyne PAST 640, modification
zero, performance computer program. Engine test measurements re-
quired by the program and program computations are presented in
Appendix IV.

4.2.2 Firing J4-1801-13B

The programmed 5-sec engine firing was successfully accom-
plished. Test conditions at engine start are tabulated in Table VI,
Table VII presents start and shutdown transient operating times for
selected engine valves. Engine ambient pressure altitude at engine
start was 106, 000 ft. Engine ambient pressure and combustion cham-
ber pressure for the duration of the firing are shown in Fig. 14.
Thermal conditioning history of engine components is shown in Fig. 15.

Engine start and shutdown transients are shown in Figs. 16 and 17,
respectively. Thrust chamber ignition occurred at tg + 0. 980 sec with
7 msec of engine vibration (VSC). Gas generator outlet temperature
peaked at 1390°F and experienced a second peak of 1510°F. This second
peak was influenced by the main oxidizer valve remaining on the 14-
deg plateau until tg + 1.187 sec. Calculated main oxidizer valve net
opening torque was 365 in. -1b, This value is greater than the nominal
275 in. -1b, but is consistent with other firings having a cold (-150 to
-250°F) main oxidizer valve second-stage actuator.

Fuel pump start transient performance is shown in Fig. 18. A
conservative stall margin was maintained throughout the start tran-
sient.

Posttest inspection showed the engine to be in satisfactory condi-
tion. No augmented spark igniter erosion was noted. Because of the
oxidizer pump inlet temperature conditioning difficulty, an oxidizer
sample was taken during posttest detanking procedures. This sample
revealed a nitrogen content of 2. 92 percent by volume.

4.2.3 Firing J4-1801-14A

The programmed 30-sec engine firing was successfully accom-
plished. Test conditions at engine start are shown in Table VI.

11
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Start and shutdown transient operating times of selected engine valves
are tabulated in Table VII. Valve operating times were normal except
for the main oxidizer valve shutdown transient which was longer than
normal. Engine start and shutdown transients are shown in Figs. 19
and 20, respectively. Engine ambient pressure altitude at engine start
was 106, 000 ft and averaged 100, 000 ft during main-stage operation.
Figure 21 presents engine ambient pressure and combustion chamber
pressure for the duration of the firing. There was no propellant utiliza-
tion valve excursion because pressurization of the vehicle oxidizer tank
after engine start was not sufficient to maintain an adequate NPSH for
engine operation at a 5. 5 mixture ratio. Thermal conditioning history
for engine components is shown in Fig. 22. Engine steady-state per-
formance data are presented in Table VIII.

Test requirements and objectives for firing 14A were identical to
those for firing 13A. Main-stage operation was attained at tg + 2.174
sec with thrust chamber ignition occurring at tg + 1. 059 sec. There
were 129 msec of engine vibration (VSC) during thrust chamber ignition.
Consistant with low energy S-1I starts, the main oxidizer valve lifted
from the 14-deg plateau 39 msec before thrust chamber ignition. Calcu-
lated main oxidizer valve net opening torque at initial second-stage move-
ment was 137 in, -lb. The gas generator outlet temperature peaked at
1180°F and experienced no second peak.

Fuel pump start transient performance is presented in Fig. 23. A
conservative stall margin was maintained in the region of concern above
17, 500 rpm.

Since a posttest 13 oxidizer sample showed a high nitrogen content,
oxidizer samples were taken before and after firing 14A. Prefire
samples were taken at 11:20 hr (after loading the vehicle tank) and at
13:20 hr (after propellant conditioning for 2 hr). Chemical analysis of
these samples showed 3.47- and 2. 25-percent nitrogen by volume, re-
spectively. Although these samples indicated the nitrogen content to be
considerably higher than the specification of the engine manufacturer
(0. 80-percent total impurities), the planned test period was conducted
to obtain engine performance data at a known nitrogen contamination
level.

Two postfire samples were also taken. These samples revealed
3. 14-percent nitrogen by volume at 17:40 hr (approximately one hour
after refilling the vehicle tank) and 2. 99-percent nitrogen by volume at
19:10 hr (during posttest detanking procedures).

12
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Posttest inspection revealed no augmented spark igniter erosion.
The inspection also showed a loose retainer on the restrictor check
valve on the main oxidizer valve. This caused the slow main oxidizer
valve closing.

4.2.4 Firing J4-1801-15A

The planned 30-sec firing was successfully accomplished. Tables VI
and VII present test requirements and conditions at engine start, and
start and shutdown transient operating times for selected engine valves,
respectively. Engine start and shutdown transients are shown in
Figs. 24 and 25, respectively. Engine ambient pressure altitude at engine
start was 100, 000 ft and averaged 95, 000 ft during main-stage operation.
Figure 26 shows engine ambient pressure and combustion chamber for the
duration of the firing. The increase in combustion chamber pressure at
top + 16 sec reflects the propellant utilization valve excursion, which
changed engine mixture ratio from 5.0 to 5. 5. Thermal conditioning
history of engine components is shown in Fig. 27.

Test requirements and test objectives for firing 15A were identical to
those for firings 13A and 14A. Main-stage operation was attained at
tg + 2. 090 sec. Thrust chamber ignition occurred at tg+ 1.034 sec with
110 msec of engine vibration (VSC). Movement of the main oxidizer valve
second stage began at tg + 1. 004 sec. This is consistant with all S-1I low
energy starts. Main oxidizer valve net opening torque, calculated at
initial second-stage movement, was 127 in. -1b (nominally 275 in. -1b).
The gas generator outlet temperature peaked at 1240°F and experienced no
second peak.

Fuel pump start transient performance is presented in Fig. 28.
Transient fuel pump head/flow data showed a conservative stall margin
in the region above 17, 500 rpm.

Oxidizer samples were again taken on this test. One sample taken
from the facility storage dewar before loading the vehicle tank showed
0. 13-percent nitrogen by volume. The other sample, taken from the
vehicle tank fill line during the loading procedure, showed less than
0.01-percent nitrogen by volume. Because of the high nitrogen content
in the liquid oxygen during test 14, the storage dewar was completely
emptied and refilled with military specification liquid oxygen after test 14.
Helium was also used to pressurize the storage dewar for transfer pus-
poses.

During the first 16 sec of the firing, augmented spark igniter ignition
detection was erratic. At tg + 16 sec, the reference element circuit
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opened and remained open for the duration of the firing. However,
when the reference element circuit cooled, it regained continuity, and
the decision was made to proceed to test 15B,

Engine steady-state performance data are presented in Table VIII.
These data show engine performance to be higher for firing 15A than
that of 13A. Since nitrogen content on tests before test 13 is unknown,
it can not be determined if nitrogen is directly responsible for the
lowered performance on firing 13A.

4.2,5 Firing J4-1801-15B

The programmed 5-sec duration firing was successfully accom-
plished. Test conditions at engine start are tabulated in Table VI.
Table VII presents start and shutdown transient operating times for
selected engine valves. Engine start and shutdown transients are
shown in Figs. 29 and 30, respectively. Engine ambient pressure
altitude at engine start was 103, 000 ft. Engine ambient pressure and
combustion chamber pressure are shown in Fig. 31 for the duration of
the firing. Thermal conditioning history of engine components is shown
in Fig. 32.

Test conditions were selected to evaluate possible fuel pump cavita-
tion, gas generator outlet temperature initial peak, and augmented spark
igniter erosion. Main-stage operation was attained at tg + 1. 954 sec.
Thrust chamber ignition occurred at ty + 0.976 sec with 20 msec of engine
vibration (VSC). Gas generator outlet temperature peaked at 1710°F
and experienced no second peak.

Fuel pump start transient data are shown in Fig. 33. Fuel pump
transient head/flow data showed the stall margin maintained was con-
servative. Because of a lack of critical NPSH data from the engine
manufacturer showing the required NPSH to suppress cavitation during
the period of fuel pump acceleration, no conclusion concerning fuel pump
cavitation has been reached.

Detection of ignition in the augmented spark igniter chamber dur-
ing the firing 15B start transient was erratic. Ignition was not detected
until 292 msec after engine start. After this, the reference element
circuit opened and did not regain continuity again. It was then decided
to cancel 15C and 15D and proceed to firing 15E.

14
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4.2.6 Firing J4-1801-15E

Firing 15E was a successful pump performance test, consisting of
a start tank discharge with engine cutoff occurring at the expiration of
the ignition phase timer (tg + 0. 446 sec). Test conditions at engine
start are presented in Table VI. Table VII presents start and shutdown
transient operating times for selected engine valves. Engine ambient
pressure altitude at engine start was 107, 000 ft. Engine ambient pres-
sure and combustion chamber pressure are shown in Fig. 34 for the
duration of the firing. Thermal conditioning history of engine compo-
nents is shown in Fig. 35. Engine start and shutdown transients are
shown in Fig. 36. Fuel and oxidizer pump peak spin speeds were
13,900 and 3690 rpm, respectively, at tg+ 0.680 sec. Fuel pump inlet
static pressure reached a minimum of 21, 6 psia at tg + 0. 325 sec.
Calculated NPSH for this pressure is compared in Fig. 37 with
Rocketdyne-supplied critical NPSH steady-state data. Because of the
unavailability of data from the engine manufacturer showing the re-
quired NPSH to suppress cavitation through the region of fuel pump
acceleration, no conclusion has been reached concerning cavitation.

Fuel pump start transient performance data are shown in Fig. 38.
A conservative margin was maintained between pump transient head/
flow data and stall inception data.

Posttest inspection showed the engine to be in satisfactory condi-
tion. No augmented spark igniter erosion was noted.

4.2.7 Comparison of Tests J4-1801-13A, 14A, ond 15A

Test requirements for firings J4-1801-13A, 14A, and 15A were
identical. All were S-II/S-V slow thrust chamber pressure buildup,
low energy starts. On all tests, the main oxidizer valve moved from
the 14-deg plateau before thrust chamber ignition, which appears to be
typical of S-II low energy starts. Because of a warm start tank discharge
valve, there was virtually no negative differential pressure across the gas
generator fuel injector at the time of gas generator ignition. Other impor-
tant features are shown below.
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Firing Number J4-1801- 13A 14A 15A
Main-Stage Operation Attained 2. 245 2.174 2. 090
(PC = 550 psia), sec (Ref. tg)

Thrust Chamber Ignition 1. 043 1. 059 1.034
(PC = 100 psia), sec (Ref. tg)
Main Oxidizer Valve Second-
Stage Initial Movement, sec 0.982 1.020 1. 004
(Ref to)
Fuel Pump Spin Speed, at the
Time of Oxidizer Pump Peak 12,252 12,521 12,480
Spin Speed, rpm#*
Oxidizer Pump Peak Spin 3038 3136 3091
Speed, rpm*
Time of Peak Spin Speed, sec 0. 650 0. 675 0. 875
(Ref. tg) ' ' '
Initial
1 1240
Gas Generator Outlet Peak 460 1180
Temperature, °F Second . L e
Peak

*During start tank discharge

4,28 Temperature Effects on the Start Tank Discharge Valve

Thermal conditioning of the start tank discharge valve was requested
for the first time at AEDC on test 13. This thermal conditioning was to
more closely simulate S-1I interstage/engine conditions as observed dur-
ing flight AS-501 countdown demonstration. A minimum start tank
discharge valve body temperature of 32°F was requested to be maintained
for the duration of the test period.

Temperature effect on the start tank discharge valve is shown in

Fig. 39. It may be seen that the warmer valve tends to have a shorter
delay and travel time.
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SECTION V
SUMMARY OF RESULTS

The results of the six firings of the Rocketdyne J-2 Rocket Engine
conducted on October 24, 31, and November 7, 1967, in Test Cell J-4
are summarized as follows:

1. Firings J4-1801-13A, 14A, and 15A were repeated S-II/S-V
slow thrust chamber buildup time firings. Times to main-
stage operation (chamber pressure attained 550 psia) were 2.245,
2.174, and 2. 090 sec, respectively.

2. Chemical analysis of the oxidizer used for tests 13 and 14
showed nitrogen content to be in excess of 2 percent by volume.
Chermical analysis of the oxidizer used for test 15 showed
nitrogen content to be less than 0. 01 percent by volume.

3. Calculated engine performance for firing 13A was lower than
that of firing 15A. However, since nitrogen content on tests
prior to test 13 is unknown, no conclusion concerning the
effect of nitrogen on engine performance can be drawn.

4. The main oxidizer valve moved from the 14-deg plateau before
thrust chamber ignition during firings 13A, 14A, and 15A.
This appears to be normal for an S-II low energy start.

5. All firings utilized a lower than minimum engine model speci-
fication fuel pump inlet pressure. No stall tendencies were
noted.

6. Posttest inspection after each test period showed no augmented
spark igniter erosion.

7. Start tank discharge valve delay and travel times tend to shorten
as the valve body temperature increases.

8. Because of the short delay and travel times of the start tank
discharge valve, the gas generator chamber pressure was es-
sentially equal to fuel pump discharge pressure at gas generator
ignition. Therefore the differential pressure across the gas gener-
ator fuel injector was virtually zero on firings 13A, 144, and 15A.

9. Because of the unavailability of critical NPSH data, from the
engine manufacturer during the period of fuel pump acceleration,
no conclusion has been reached concerning cavitation.
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Fig. 2 Test Cell J-4, Artist's Conception
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Time 1

ndex Lines, l1-sec Intervals

Engine Start

Bleed Valves Close
Oxidizer Dome and GG

Oxidizer Purge Flow
Main Fuel and ASI
Propellant Flow
Fuel Temperature 0K Signall"
Ignition-Phase Timer Ener-
gized 0.450 £ 0.030 sec

Pump Buildup

Ignition-Phase Timer Expires
Main-Stage Signal

Purge Control Valve Closed

Main Oxidizer Flow

He Control. Start Tank Discharge Delay
Timer. ASI and GG Sparks on Ignition-
O Phase Control Solenoid Energized

OMain Fuel Valve Open
0 ASI Oxidizer Valve Dpen

WASI Ignition Detected
e | | |
¥Start Tank Discharge Delay

STDV Delay 0.640 £ 0.030 sec
v

o STDV Open

e GH, Flow

Timer Expires

v Oxidizer Turbine Bypass Valve

-]
= STDV Closed
B Nov Starts to Open

Sparks De-Energized,
|

—— — —
e=—= Bypass Flow through Normally Open

;Hnin-Stnge Control, Solenoid Energized
Timer Energized
3.30 £ 0.20 sec

—= o §

GG Propellant Flow

Oxidizer Turbine Bypass Valve Closed

Main-Stage OK Signal

ASI and GG Sparks De-Energized | | v

22GG Valves Open I I
—

MOV Full Open
[

v
90-percent ThrustV¥

a. Start Sequence

Signal Time, sec

o 0.1 0.2 0.3 0.4 0,5 0.6 0.7 0.8 0.9 1.0

Cutoff Signal Y

GG Valve Close (Oxidizer)
GG Valve Close (Fuel)

ASI Oxidizer Valve Close

MOV Close

Main Fuel Valve Close

Oxidizer Dome Purge and GG
Oxidizer Purge on

He Control Solenoid
De-Energizes

Bleed Valves Open

b
Fig. 7 Engi

. Shutdown Sequence

ne Start and Shutdown Sequence
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Time Index Lines, l-sec Intervals

Fire Command
Prevalves Open Signal

Recirculation Punmps
Off Signal

Recirculation Valves
Close Signal

Engine Start Signal

Valve Open Signal

Start Tank Discharge lfz

1Nom:l.nal Occurrence Time (Function of Prevalves Opening Time)
20ne-sec Fuel Lead (S-1I/S-V and S-IVB/S-IB)
3gight-sec Fuel Lead (S-IVB/S-V and S-IB Orbital Restart)

c. “Normal’’ Start Sequence

Time Index Lines, l-sec Intervals

Fire Command
Prevalves Open Signal

Engine Start Signal
Oxidizer Recirculation
Pump Off Signal

Fuel Recirculation
Pump Off Signal

Recirculation Valves
Close Signal

1
Valve Open Signal

Start Tank Discharge Al
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Fig. 25 Engine Shutdown Transient Operation, Firing 15A
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Fig. 27 Themal Conditioning History of Engine Components, Firing 15A
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Fig. 29 Engine Start Transient Operation, Fiting 15B
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TABLE |

MAJOR ENGINE COMPONENTS

AEDC-TR.68-16

Part Name P/N S/N
Thrust Chamber Body 206600-31 4072755
Thrust Chamber Injector Assembly 208021-11 4071421
Fuel Turbopump Assembly 452000-171 4078258
Oxidizer Turbopump Assembly 4358175-T1 6616135
Start Tank 303439 0038
Augmented Spark Igniter 206280-81 4078806
Gas Generator Fuel Injector and Combustor 308360-11 2008734
Gas Generator Oxidizer Injector and Poppet 303323 4076827
Assembly
Helium Regulator Assembly 556948 4072709
Electrical Control Package 502670-11 4078604
Primary Flight Instrumentat:on Package 703685 4077391
Auxiliary Fiight Instrumentation Package 703680 4077313
Main Fuel Valve 409120 4062472
Main Oxidizer Valve 409973 4077271 I
Gas Generator Control Valve 302040 4076768
Start Tank Discharge Valve 306875 4081218
Oxidizer Turbine Bypass Valve {(Test 13) 409930 4079685
Oxidizer Turbine Bypass Valve (Test 14, 15) 409930 4081831
Propellant Utilization Valve 251351-11 4068732
Main-Stage Control Valve (Four-Way) 555767 8264307
Ignition Phase Control Valve (Four-Way) 535767 8284305
Helium Control Valve (Three-Way) NA5-27273 340919
Start Tank Vent and Relief Valve 557818 4062234
Helium Tanz Vent Valve NA5-27273 340218
Fuel Bleed Valve 302034 4077233
Oxidizer Bleed Valve 309029 4076750
Augmented Spark Ignmiter Oxidizer Valve 308880 4089946
Pressure Actuated Shutdown Valve Assembly 557817 4067200
Pressure Actuated Purge Control Valve 557823 4075865
Start Tank Fill/Refill Valve 558000 4072899
Fuel Flowmeter 251225 4076564
Oxidizer Flowmeter 251216 4077137
Fuel Injector Temperature Transducer NA5-27441 12350
Restartable Ignition Detect Probe NA5-27298T2 | 324
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TABLE Il

SUMMARY OF ENGINE ORIFICES

3

Orifice Name Part Diameter, in. Date Effective Comments
Number
Gas Generator Fuel RD251-4107 0. 468 *
Supply Time
Gas Generator Oxidizer RD251-4106 0. 268 *
Supply Time
Oxidizer Turbine Bypass | RD273-8002 1. 319 *
Valve Nozzle
Main Oxidizer Valve 556443 0. 02867 October 7, 1967 Nonthermostatic
Closing Control Orifice
Oxidizer Turbine Exhaust | RD251-9004 10. 000 *
Manifold
Augmented Spark Igniter | 406361 0.150 October 20, 1967

Oxidizer Supply Line

*Installed before engine delivery to AEDC

91-89-41-0Q3V



AEDC-TR-68-16

TABLE Il
ENGINE MODIFICATIONS
(BETWEEN TESTS J4-1801-12 AND J4-1801-15)

Modification Completion Date Description
Number of Modification
Test J4-1801-12 10/17/67
RFD*-74-61 October 20, 1967 Augmented Spark Igniter
Oxidizer Line Orifice Re-
placement
0Old: 0.126 in. New: 0,150 in.
RFD-69-67 Oxidizer Heat Exchanger
Inlet Line Installed
RFD-13-67 Main Oxidizer Valve Re-
placement
Old: 411039 x 4
New: 409973
RFD-72-67 October 23, 1967 Start Tank Discharge Valve
Purge Manifold Installation
RFD-37-1-67 October 23, 1967 Main Oxidizer Valve Second-
(Supplement) Stage Actuator Conditioning
System.
Test J4-1801-13  10/24/6%
None
Test J4-1801-14 11/1/67
RFD 6-1-67 November 3, 1967 Main Oxidizer Valve Closing

Control Pressure Monitor
and Installation

*RFD - Rocketdyne Field Directive
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AEDC-TR-68-16

TABLEIYV

ENGINE COMPONENT REPLACEMENTS
(BETWEEN TESTS J4-1801-12 AND J4-1801-15)

Replacement

Completion Date

Comment Replaced

Test J4-1801-12

10/17/67

UCR*-007315

October 18, 1967

Ignition Detector Set
P/N 99-9026355
S/N 2006856

UCR-007311 October 18, 1967 Ignition Detect Probe
P/N NA5-27298T2
S/N 324
UCR-007316 October 21, 1967 Oxidizer Dome Purge Check
Valve
P/N 554078
S/N 3764364
Test J4-1801-13 10/24/67
UCR-007318 October 26, 1967 Oxidizer Turbine Bypass
Valve
P/N 409930
Test J4-1801-14 11/1/67
UCR-007319 November 2, 1967 Augmented Spark Igniter

Number 2 Spark Cable
Schrader Valve Assembly
P/N RD 284-1001-0001

*UCR - Unsatisfactory condition report
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TABLE VY
ENGINE PURGE AND COMPONENT CONDITIONING SEQUENCE

Time, min

t-80 t-70 t - 60 t - 50 t - 40 t-30 t - 20 t - 10 thER0; t+ 10
Turbopump and Gas Helium; 82 - 125 psia l l l
Generator Purge 50 - 200°F 2-min Minimum Following
{Purge Manifold {(Nominal) 6 scfm //}}/}}i/n Recirculation .
System) at Customer Connect le— Propellant Drop 1to 3 ,I-nin —-1 -
Oxidizer Dome and el incliedi oy
Gas Generator Liquid | Nitrogen; 400t 25 psig T7IITIT e ol <
Oxygen injector 50 - 200°F 15 min during Start and

(Engine Pneumatic
System)

{(Minimum) 230 scfm

Cutoff Transients)

Oxidizer Dome
(Facility Line to
Port CO3A)

Nitrogen; 400 - 450 psig
100 - 200°F
{Nominai) 200 scfm

w

On at Engine
Cutolf —

7

10 min
.///%
T

Oxidizer Turbopump Helium; 400 + 25 psig Main-St Operatio
Intermediate Seal Ambient 18t (S:il'l I.:iedq: E r:ﬂe P
Cavity (Engine Temperature Help;:m Ta.:kl o
Pneumatic System) 2600 - 7000 sefm

Helium; 40 - 60 psig
Thrust Chamber I 50 - 200°F SO g édlaa m“m‘% n at Engine
Thiteds {Nominal) 60 scfm Cutoff
(Customer Connect) . T
Pacal! elium; - 14 psig

50 - 200°F 10 min 7

(Nominal) 10 sefm

Thrust Chamber

Heifum:; 1000 psig

L
15 min
APIPPY

Temperature -300°F to Ambient
Conditioning 10 - 20 lbpy, /min
Pump Inlet Oxidizer; 35 to 48 psia
Pressure and -298 to -280°F
Temperature Fuel; 28 to 46 psia
Conditioning ~424 to -416°F

Hydrogen Stsrt Tank
and Helium Tank
Pressure snd Tem-
perature Conditioning

Hydrogen; 1200 to 1400 psis
-300to -140°F
1700 to 3250 psia
-300 to -140°F

Helium;

Crossover Duct
Temperature
Conditioning

Helfum; -300°F
to Ambient

-

77777

Start Tank Discharge
Valve Temperature
Conditioning

Helium; Ambient

T

lCcmdMoning temperature to be maintained for the last 30 min of prefire.

91-89-41-0d3V
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TABLE VI
SUMMARY OF TEST REQUIREMENT S AND RESULTS

Notas: Opata reduced trom oactllogram

C ing to be

within limita for 1ast 15 min prior to engine stert

15A 158 14A 134 13B 15E
Firing . J4-1601- F—
D Target | Acwal Target | Actsl Tergat | Acaum Target | Actunl Target | Actual Targst | Actual
Flring Dete/ Time of Dey, hr T0-24-67 123 10-24-67 T1:59 [10-31-67 15:87  f11-7-87 70:5¢ | 11-7-67 Ta.18 | 11-7-87 —aro8 |
Preasure Altitude at Engine Start, ft {Ref. 1) 100, 000 98, 000 100, 000 108, 000 100, 000 108, 000 100, 000 100, 000 100, 000 103, 000 100, 000 107, 000
Firtng Duration, ascQ $0. 000 30. 078 5. 000 5. 088 30. 000 30.072 30. 000 30. 092 8. 000 5. 087 0. 440 0. 446
+1 +T =y *1
Fusl Pump Inlet Conditions | Preasure. pale T 2.6 L 26.7 .57 ) 25.8 O 5.6 3.3 _, 8.0 B8, 2.1
et Engine Stert
Tempereture, *F | -421.42 0.4 -421.8 421.420.4 -421.5 -421.4 20 4 -421.8 -421.42 0.4 -421.2 421.420.4 -421.1 oL giala
- I x i
Oxidizer Pump inlet Conditions ¥ T288uTe, peia 33.0° o 8.7 43.021 48.3 25 ° l‘, 23.8 s207 ) 33,6 46121 _c_s. a 28.0%1 28.7
S St Tampereture, *F | -294.52 0.4 -204.9 -264.5 £ 0.4 -294.9 ©204.5 £ 0.4 -294. 6 -264.3 4 0.4 -204. 8 -204.2 2 0.4 -294.7 -205.0 £ 0.4 -293.1
e —— = Preasurs, peia 1250 £ 10 1245 1400 £ 10 1401 1250 £ 10 1233 1250 £ 10 1240 | 100230 | az0e 1400 £ 10 uos
Engine Start Temperatura, *F -140 % 10 -132 -240 % 10 -244 ~140 £ 10 -185 -140 % 10 =127 -240 £ 10 -226 -240210 -240
Helium Tank Conditions at Preaeure, peia --- 2218 - 2311 --- 25 2848 - 2744 - 2788
LG e Temperature, *F .- -1s2 - 238 - 135 .- -138 e -224 g oz
at . B 150 ¥ 5 o o 3 _ E 5 3 <
T e FPredy 250 25 243 150 59 142 250 + 28 29 250 + 26 255 250 ¢ 28 227 250 + 25 259
Conditione at Engine Stest, *F K am P — e i 0 260 = “251
TFTD-2 50418 -T4 +30 £ 25 21 250218 -10 -30418 -0 e - ST &
Crossover Duct Tampereture at
Engine Start, * TFTD-2 30415 -62 +50+ 25 28 -804 15 -4 -50418 -38 +50 418 54 +50£18 54
TFTD-3 -50 + 15 -88 +50 & 23 38 -50 13 -85 -30 & 18 -88 +30 £ 15 2% +50 215 32
Main Oxldizer Valva Cloaing Control Line . -8 P 7 o = — . — = - .30
Temperature et Engine Start, *F & e £2 e
Main Oxldizer Velve Bacond-Stege Actustor 230 HD ) RIS . g0t 20 3 a0t ?® o =
Tamperature st Engine Stest, *F 0. 20 - 20 &E 0.0 L 9.2 < 501=g0, g il Qi
Fuel Leed Time, sec® 1.000 1.007 1.000 1.010 1. 000 Lo1 1.000 1.008 1.000 1.001 1.000 1.001
Propellant in Engine Tima, min 40 ) 60 60 40 47 20 48 20 160 20 7
Propellant Reclreuletion Time, min 10 11 10 1 10 10 10 10 10 1 10 10
Stert Sequence Normal Normal Normal Normal Normel Normal Normal Normal Normal Normal Normel Normel
Gas Generetor Oxidiaar Supply Line  |10B5-2A 20 . - k. T - o}
Temperature et Engina Stert, *F LAY 55 @
Start Tank Discherga Valve Body Temperature 32 {min) 42 32 {min) 27 22 {min) 30 32 {min 34
2t Engine Stert, °F min) +29 $2 {min) +31 82 {min} +
Vibretion Safaty Count mr-upno(mec) and ¥ = = i = 129 == 1o 223 2 ==
Ot i e eRg) (o 4y e 1043 = 0.980 o= 1.024 1.030 0.972 o
Gaa Generstor Outiet Rnitiet Peak --- 1435 1394 -e- 1183 .- 1238 - 1112 - -
Tempereture. °F F“""" Peak . . = 3 1511 B S P = = e ---
Thruet Chembar Ignition Tima, aec
. 4 ne - - b
(Ref. to) (P = 100 pata " 0.880 1.089 1.024 coo 0.976
Main Oxidizer Valve Second-Stege Initial Move-
e T - 0,962 - 1,187 1.020 erss 1.00¢ - 1.130 -
Maio-Stage Preesure No. 2 "0.K." eec(Rat. tg)® --- 1.883 - 1. 697 ot 1.828 - L.179 e 1. 630 =
550-peta Chamber Preacure Attained, sec e
(Ref. tg) e 2.243 --- 2.029 oo 2.174 2.090 1.954
Propellant Utilizetion Valve Poeitico at Engine Null Null Null Null Null Null Null Null Rull | Rull
Start, deg  Engine Stert/ty + 10 sec — e
2 Cloned Closed - .- Closed .- Cloaed Cloaed =
Ve -
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TABLE Vi

ENGINE VALVE TIMINGS

Start
q Start Tank Main Fuel Valve Main C?xiduer Valve Main Oxldizer Valve Gas Generator Gaa Generator Oxidizer Turbine Stert Tank
Nu‘r:l::r Discharge Valve Firat Stage Second Stage Fuel Poppet Fuel Poppet Bypaus Valve Discharge Valve
Ju-28gt Time |Valve { Valve Time |(Valve | Valve Time |Valve | Vaulve Time |Valve | Valve Time |Valve | Valve | Time |valve | Valve Time |Valve | Valve Tumne | Valve | Valve
of Delay [Opening of Delay Opening of Delay [Opening of Delay [Opening of Delay |Opening] of Delay |Opening| aof Delay [Clsaing of Delay |Cloaing
Opening | Time, | Time, [Opening |Time, | Time. JOpening|Time. [ Time, [Opening | Time, | Time. {Opening| Time, | Time, [Opening | Tyme, | Time, | Closing | Time, | Time, [} Closing | Time. | Time,
Signal | sec aec Signal sec sec Signal | aecc sec Signal sec sec Signsl sec aec Signal | gee aec Signal sec Bsec Signal | sec sac
13A 0.0 0.137 ( 0.125 § -1.007 |0.057 | 0.072 0.452 | 0.057 | 0.060 0.452 |0.530 | 1,875 0.452 |0.112 | 0.030 §0.452 g 181 | 0.078 0.452 | 0.228]| 0.339 0.452 | 0.090| 0.243
13B 0.0 0.145 | 0.135 | -1.010 | 0.057 | 0.075 0.440 |0.080 | 0.088 0.440 ]0.735 | 2,123 0.440 |0.127 | 0.023 || 0.440 [0.202 | 0.075 0,440 | 0.223| 0.514 0.440 | 0,088 0.248
14A 0.0 0.137 § 0.130 § -1.010 |0.056 | 0.087 0.450 |0.055 | 0.055 0.450 |0.570} 1.888 0,450 |0.108 | 0.028 0.450 |p,180 | 0.077 0.450 | 0.220| 0.298 0.450 | 0.080( O. 742 |
15A 0.0 0.140 | 0.130 § -1.006 |0.056 | 0.063 0.448 |0.055 | 0,057 0.448 |0.547 | 1 803 0.448 |0.108 | 0.028 || 0.448 |0, 182 0.079 0.448 | 0.228| 0.290 0.448 | 0.080| 0.245
158 0.0 [0.145] 0.130 [ -1.001 |0.058 | 0.075 || 0. 448 | 0,062 | 0.060 || 0.448 |0.683 | 2.154 || 0.448 [0.120 | 0.030 || 0.448 [0.184 ] 0.078 | O0.448 | 0,220 0.282 0.448 | 0.086[ 0.243
15E 0.0 [0.142 | 0.138 | -1.001 |0.059 | 0.078 || 0.445 | N/JA | NJA || 0.445 | NJA | NJA {| 0.445 | NJA | N/A [0.445 | N/A | N/A | 0.445 | NA| N/A 0.445 | 2.922| 0. 841
. 13 0.0 |o.100 | 0.110 | -1.008 |0.045 ] 0.070 | 0.451 |0.050 | 0.058 § 0.451 |0.508 | 1 385 || 0.451 |0.088 | 0.030 | 0.451 |0.138 | 0-069 | 0,451 | 0.200] 0.305 | 0.457 [0.081[ 0. 743
Sequence 14 0.0 0.100 | 0.109 | -1.010 [0.042 | 0.070 0.448 |0.051 | 0.053 0.449 |0.520 | 1. 403 0.449 |0,088 | 0.031 [ 0.449 |0.142 0.065 0.448 | 0.207| 0.275 0.449 | 0.082| 0.243
15 0.0 0.102 | 0.110 | -1.000 | 0.044 | 0.072 0.450 10.048 | 0.052 0.450 [0.516 | 1.413 0.450 |0.083 | 0.034 } 0,450 [0.140] 0.065 0.450 | 0.200| 0. 289 0.450 | 0.090] 0,252
Shutdown
Firing Main Fuel Valve Main Oxidizer Valve Gaa Generator Fuel Poppet Gss Generstor Oxidizer Poppet Oxidlzer Turbine Bypass Valve
Number
JATe Tima Valve Valve Time Valve Vaive Time Valve Valve Time Valva Vaive Time Vaive Valve
of Delsy Closing of Delay Cloaing of Delay Closing of Delay Closing of Delay Opening
Closing Time, Time, Closing Time, Time, Closing Time, Time, Cloaing Tims, Time, Opening Tima, Time,
Signal aec aec Signal aec sec Signal aec aec Signal aec sec Slgnal sec sec
13A 30,075 0. 1;5— 0. 342 30.075 0.064 0.168 30.075 0.055 0,028 30.075 0.033 0.012 30. 075 0.371 0.466
13B 5. 028 0.139 0. 357 5. 089 0.057 0. 180 5.089 0.058 0.020 5.089 0.031 0.023 5.088 0.213 0.474
14A 30.072 0.128 T 0.325 30.072 0,142 0.237 30.072 0. 053 0.020 30.072 0.030 0.014 30,072 0. 204 0. 565
15A 30.073 0.131 0. 318 ~30.013 0.081 0.180 30.073 0. 055 0. 024 30.073 0.030 0.015 30.073 0. 240 0. 440
158 5.087 0.134 0. 369 5.087 0.053 0.193 5.087 0.058 0.025 5.087 0.031 0.015 5,087 0.214 0. 400
15E 0, 446 0.110 0. 307 0. 448 NfA NfA 0. 448 N/A N/A 0.448 N/A N/A 0,446 N/A N/A
13 4.360 0.083 0. 238 4.360 0.047 0.128 4. 360 0.078 0. 020 4. 360 0.053 0.026 4. 380 0.183 0. 670
S:q:‘:;ce 14 8.078 0.084 0. 240 8.078 0.050 0.130 8.073 0. 080 0.024 8.078 0. 056 0.018 8.078 0, 205 0.578
15 6. 720 0.086 0. 255 6. 720 0.052 0.123 8.720 0.079 0. 030 8.720 0.052 0.020 6.720 0.210 0.535
Notes: All valve signal times are referenced to tg.

> we -

Valve deiay time is the time required for initial valva movement after the valve “open” or valve

Final sequence check ia conducted without propellanta and withln 12 houra prior to testing.
Data reduced from oscillogram

"closed” solenoid haa been energized.
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TABLE VIl
ENGINE PERFORMANCE SUMMARY

13A 14A 15A
Firing Number J4-1801-
Site Normalized Site Normalized Site Normalized
Thrust, lbg 225, 391 224, 296 199, 071 198, 277 232,748 231, 232
y ey Ck.lamber Pr.essure, psia 758 751 675 670 780 772
Bl Mixture _Ratlo 5.548 5.553 4.992 5.014 5.551 5. 541
Periormance Fue‘el‘Welght ‘Flow, 1lbm/sec 81.13 80. 36 78.17 77.33 82. 46 81.71
Oxidizer Weight Flow, lby,/sec 450. 12 446, 23 390. 23 387,72 457,72 452,176
Total Weight Flow, lbp,/sec 531. 25 526.59 468, 40 465. 05 540. 18 534. 47
Thrust Mixture Ratio 5.750 5.758 5.169 5.194 5.748 5.741
Chamber Total Weight Flow, lbm/sec 524. 60 519. 98 462. 33 459, 00 533. 40 527.74
Performance Characteristic Velocity, ft/sec 7907 7904 7992 7985 8008 8009
Pump Efficiency, percent 75.2 75.2 74.5 74.5 75.1 75.1
Fuel Pump Speed, rpm 26, 272 26, 124 25, 228 25,102 26, 809 26, 640
st e Turbine Efficiency, percent 59.5 59.4 58.4 58.3 60.5 60. 4
- A, Turbine Pressure Ratio 7.24 7.24 7.10 7.10 7.16 7. 16
Turbine Inlet Temperature, °F 1213 1198 1100 1090 1268 1250
Turbine Weight Flow, 1b.,/sec 6. 65 6.62 6.08 6. 05 6.78 6.74
Pump Efficiency, percent 80.3 80. 2 81.1 81.0 80.3 80. 2
Oxidizer Pum;? Speed, rpm 8528 8477 8035 7985 8676 8623
Tarbopump Turb{ne Efficiency, pe:rcent 47.8 47.7 47.1 46.9 47.9 47,8
BT miitee Turbine Pressure Ratio 2. 64 2.64 2.63 2,63 2.67 2. 66
Turbine Inlet Temperature, °F 783 773 701 694 826 813
Turbine Weight Flow, lbm/sec 6.0 5.98 5.48 5.46 6,11 6. 08
g:ﬁerator Mixture Ratio 0.947 0.939 0. 881 0. 875 0.980 0.970
Chamber Pressure, psia 644 640 578 575 662 657
Performance
Note: 1. Site data is calculated from test data.

2
3.
4

Normalized data is corrected to standard pump inlet and engine ambient pressure conditions.
Input data is test data averaged from 29 to 30 sec.
Site and normalized data were computed using the Rocketdyne PAST 640 modification zero computer program.

91-89-31-0Q3v
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APPENDIX Il
INSTRUMENTATION

The instrumentation for AEDC test J4-1801-13, 14, and 15 is
tabulated in Table III-1. The location of selected major engine instru-
mentation is shown in Fig. III-1.
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AEDC-TR-68-16

AEDC
Code

ICC
uc

EECL
EECO
EES
EFBVC
EFJT
EFPVC/O

EHCS
EID
EIPCS
EMCs
EMP-1
EMP-2
EOBVC

EOPVC
EOPVO
ESTDCS

RASIS-1
RASIS-2

RGGS-1
RGGS-2

QF-1A
QF-2
QF-25D

QFRP
Q0-1A
Q0-2
QORP

FSP-1
FSY-1

RTCEP

LFVT
LGGVT
LOTBVT
LOVT
LPUTOP
LSTDVT

TABLE Il

LIST OF ENGINE INSTRUMENTATION

Tap
Parameter No.
Current
Control
Ignition
Event

Engine Cutoff Lockin

Engine Cutoff Signal

Engine Start Command

Fuel Bleed Valve Closed Limit
Fuel Injector Temperature OK
Fuel Pre-Valve Closed/Open
Limit

Helium Control Solenoid
Ignition Detected

Ignition Phase Control Solenoid
Mainstage Control Solenoid
Mainstage Pressure No. 1
Mainstage Pressure No. 2
Oxidizer Bleed Valve Closed
Limit

Oxidizer Pre-Valve Closed Limit
Oxidizer Pre-Valve Open Limit
Start Tank Discharge Control
Solenoid

Augmented Spark Igniter Spark
No. 1

Augmented Spark Igniter Spark No
No. 2

Gas Generator Spark No. 1
Gas Generator Spark No. 2

Flows
Fuel PFF
Fuel PFFA
Fuel Flow Stall Approach
Monitor
Fuel Recirculation
Oxidizer POF
Oxidizer POFA

Oxidizer Recirculation
Forces

Side Load (Pitch)
Side Load (Yaw)

Heat Flux

Radiation Thrust Chamber Exhaust
Plume

Position

Main Fuel Valve

Gas Generator Valve

Oxidizer Turbine Bypass Valve
Main Oxidizer Valve
Propellant Utilization Valve
Start Tank Discharge Valve

Micro- Magnetic Oscillo- Strip X-Y
Range SADIC Tape graph Chart Plotter
amp
0 to 30 x X
0to 30 x X
On/Off X x
On/Off x x x
On/Off x x
Open/Closed x
On/Off X X
Closed/Open x X
On/Off x x
On/Off x x
On/Off x x
On/Off x x
On/Off x x
On/Off x x
Open/Closed x
Closed x x
Open X x
On/Off x x x
On/Off x
On/Off x
On/Off x
On/Oft x
gem
0-9000 X x
0-9000 x x x
0-9000 X x
0-160 x
0-3000 X x
0-3000 X X X
0-50 x x
+20, 000 x x
+20, 000 x X
AW
Sr-cm?
0-7 %
Percent Open
0 to 100 x X
0 to 100 x x
0 to 100 x x
0 to 100 b4 x X
0 to 100 x X x
0 to 100 x x
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TABLE llI-l (Continued)

AEDC Tap Micro- Magnetic Oscillo- Strip X-Y
Code Parameter No. Range SADIC Tape  graph  Chart Plotter
Pressure amp
PAl Test Cell 0-0.5 x X
PA2 Test Cell 0-1.0 X x
PA3 Test Cell 0-5.0 x x
PC-1P Thrust Chamber CG1 0-1000 x x
PC-3 Thrust Chamber CGlA 0-1000 x x x
PCGG-1P Gas Generator Chamber
Pressure 0-1000 x x x
PCGG-2 Gas Generator Chamber GGlA 0-1000 x
PFASILJ Augmented Spark lgniter
Fuel Injection 0-1000 x
PFJ-1A Main Fuel Injection CF2 0-1000 x x
PFJ-2 Main Fuel Injection CF2ZA 0-1000 b3 x
PFJGG-1A Gas Generator Fuel
Injection GF4 0-1000 x
PFJGG-2 Gas Generatnr Fuel
Injection GF4 0-1000 x x
PFMI Fuel Jacket Inlet Manifold CF1 0-2000 x
PFOI-1A Fuel Tapoff Orifice Outlet HF2 0-1000 x
PFPC-1A Fuel Pump Balance Piston
Cavity PF5 0-1000 x
PFPD-1P Fuel Pump Discharge PF3 0-1500 X
PFPD-2 Fuel Pump Discharge PF2 0-1500 x x x
PFPI-1 Fuel Pump Inlet 0-100 X X
PFPI-2 Fuel Pump Inlet 0-200 x x
PFPI-3 Fuel Pump Inlet 0-200 x x
PFPS-1P Fuel Pump Interstage PF6 0-200 x
PFRPO Fuel Recirculation Pump Qutlet 0-60 x
PFRPR Fuel Recirculation Pump
Return 0-50 x
PFST-1P Fuel Start Tank TF1 0-1500 x x
PFST-2 Fuel Start Tank TF1 0-1500 x x
PFUT Fuel Tank Ullage 0-100 x
PFVI Fuel Tank Pressurization
Line Nozzle Inlet 0-1000 x
PFVL Fuel Tank Pressurization
Line Nozzle Throat 0-1000 X
PHECMO Pneumatic Control Mcodule Qutlet 0-750 x
PHECP Oxidizer Recirculation Pump
Purge 0-150 x
PHES Helium Supply 0-5000 x
PHET-1P Helium Tank NN1 0-3500 x x
PHET-2 Helium Tank NN1 0-3500 x x
PHRO-1A Helium Regulator Outlet NN2 0-750 x X
POBSC Oxidizer Bootstrap
Conditioning 0-50 x
POBV Gas Generator Oxidizer Bleed
Valve GO2 0-2000 x
POJ-1A Main Oxidizer Injection Co3 0-1000 x
POJ-2 Main Oxidizer Injection CO3A 0-1000 x x
POJGG-1A Gas Generator Oxidizer
Injection GO5 0-1000 x x
POJGG-2 Gas Generator Oxidizer
Injection GO5 0-1000 x
POPBC-1A Oxidizer Pump Bearing
Coolant PO7 0-500 %
PCPD-1P Oxidizer Pump Discharge PO3 0-1500 x
POPD-2 Oxidizer Pump Discharge PO2 0-1500 x x X
POPI-1 Oxidizer Pump Inlet 0-100 X x
POPI-2 Oxidizer Pump Inlet 0-200 x x
POPI-3 Oxidizer Pump Inlet 0-100 x
POPSC-1A Oxidizer Pump Primary Seal
Cavity PO6 0-50 x
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AEDC
Code

PORPO
PORPR

POTI-1A
POTO-1A
POUT
POVCC

POVI
POVL
PPUVI-1A
PPUVO-1A
PTCFJP

PTCP
RRER

NFP-1P
NFRP
NOP-IP
NORP

TA1

TA2

TA3

TA4
TAIP-1A
TBPM
TBSC
TECP-1P
TFASIJ

TFASIL-1
TFASIL-2

TFBV-1A
TFD-1
TFJ-1P
TFPD-1P
TFPD-2
TFPDD
TFPI-1
TFPI-2
TFRPO
TFRPR
TFRT-1
TFRT-2
TFST-1P
TFST-2

TABLE IlI-| (Continved)

Tap
Parameter No.

Pressure

Oxidizer Recirculation Pump

Outlet

Oxidizer Recirculation Pump

Return

Oxidizer Turbine Inlet TG3
Oxidizer Turbine Outlet TG4
Oxidizer Tank Ullage

Main Oxidizer Valve Closing
Control

Oxidizer Tank-Repressurization
Line Nozzle Inlet

Oxidizer Tank-Repressurization
Line Nozzle Throat

Propellant Utilization Valve

Inlet PO8
Propellant Utilization Valve

Outlet PO9
Thrust Chamber Fuel Jacket

Purge

Thrust Chamber Purge

Turbopump and Gas Generator
Purge

Speeds
Fuel Pump PFV
Fuel Recirculation Pump
Oxidizer Pump POV
Oxidizer Recirculation Pump

Temperatures
Test Cell (North)
Test Cell (East)
Test Cell {South)
Test Cell (West)
Auxiliary Instrument Package
Bypass Manifold
Oxidizer Bootstrap Conditioning
Electrical Controls Package NSTIA
Augmented Spark Igniter

Fuel Injection IFT1
Augmented Spark Igniter

Line

Augmented Spark Igniter

Line

Fuel Bleed Valve GFTI
Fire Detection

Main Fuel Injection CFT2
Fuel Pump Discharge 12096l
Fuel Pump Discharge PFTI

Fuel Pump Discharge Duct

Fuel Pump Inlet

Fuel Pump Inlet

Fuel Recirculation Pump Outlet

Fuel Recirculation Pump Return Line
Fuel Tank

Fuel Tank
Fuel Start Tank TFTI
Fuel Start Tank TFT1

Range
psia
0-115
0-100
0-200
0-100
0-100
0-500
0-1000
0-1000
0-1000

0-500

0-100
0-15

0-250

Myl
0-30, 000
0-15, 000
0-12, 000
0-15, 000

o,

-50 to +800
-50 to +800
-50 to +800
-50 to +800
-300 to +200
-325 to +200
-350 to+150
-300 to +200

-425 to +100
-300 to +200

-300 to +300
-425 to -375
0 to 1000

-425 to +250
-425 to -400
-425 to -400
-320 to +300
-425 to -400
-425 to - 400
-425 to -410
-425 to -250
-425 to -410
-425 to -410
-350 to +100
-350 to +100
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TABLE Ili-1 (Continued)

AEDC Tap Micro- Magnetic Oscillo- Strip X-Y
Code Parameter No. Range SADIC Tape _ graph Chart Plotter
Temperatures 2B
TFTD-1 Fuel Turbine Discharge Duct -200 to +800 X
TFTD-2 Fuel Turbine Discharge Duct -200 to +1000 b x
TFTD-3 Fuel Turbine Discharge Duct -200 to +1000 b x
TFTD-3R Fuel Turbine Discharge Line -200 to +800 x
TFTD-4 Fuel Turbine Discharge Duct ~200 to +1000 x
TFTD-4R Fuel Turbine Discharge Line -200 to +900 x
TFTD-5 Fuel Turbine Discharge Duct -200 to +1400 x
TFTD-6 Fuel Turbine Discharge Duct -200 to +1400 x
TFTD-17 Fuel Turbine Discharge Duct -200 to +1400 x
TFTD-8 Fuel Turbine Discharge Duct -200 to +1400 X x
TFTI-1P Fuel Turbine Inlet TFT1 0 to 1800 x X
TFTO Fuel Turbine QOutlet TFT2 0 to 1800 x
TGGO-1A Gas Generator Outlet GGT1 0 to 1800 x X x
THET-1P Helium Tank NNT1 -350 to +100 x x
TNODP LOg Dome Purge 0 to -300 x
TOBS-1 Oxidizer Bootstrap Line -300 to +250 x
TOBS-2 Oxidizer Bootstrap Line -300 to +250 x
TOBS-2A Oxidizer Boorstrap Line -300 to +250 x
TOBS-2B Oxidizer Bootstrap Line -300 to +250 x
TOBS-3 Oxidizer Bootstrap Line -300 to +250 x
TOBS-4 Oxidizer Bootstrap Line -300 to +250 x
TOBV-1A Oxidizer Bleed Valve GOT2 -300 to -250 x
TOPB-1A  Oxidizer Pump Bearing
Coolant POT4 -300 to -250 b
TOPD-1P Oxidizer Pump Discharge POT3 -300 to -250 X x x x
TOPD-2 Oxidizer Pump Discharge POT3 -300 to -250 x’
TOPI-1 Oxidizer Pump Inlet -310 to -270 x x
TOPI-2 Oxidizer Pump Inlet -310 to -270 x x
TORPO Oxidizer Recirculation Pump Qutlet -300 to -250 x
TORPR Oxidizer Recirculation Pump
Return -300 to -140 x
TORT-1 Oxidizer Tank -300 to -287 x
TORT-3 Oxidizer Tank -300 to -287 x
TOTI-1P Oxidizer Turbine Inlet TGT3 0 to 1200 X x
TOTO-1P Oxidizer Turbine Qutlet TGT4 0 to 1000 x
TOVL Oxidizer Tank Pressuriza-
tion Line Nozzle Throat -300 to +100 x
TPCC Prechill Controller -425 to -300 x
TPIP-1P Primary Instrument Package -300 to +200 x
TsSC2-1 Thrust Chamber Skin -300 to +500 x
TSC2-2 Thrust Chamber Skin -300 to +500 X
TSC2-3 Thrust Chamber Skin -300 to +500 x
TSC2-4 Thrust Chamber Skin -300 to +500 x
TSC2-5 Thrust Chamber Skin -300 to +500 X
TSC2-6 Thrust Chamber Skin -300 to +500 x
TSC2-17 Thrust Chamber Skin -300 to +500 x
TSC2-8 Thrust Chamber Skin -300 to +500
TsC2-¢ Thrust Chamber Skin -300 to +500 x
TSC2-10 Thrust Chamber Skin -300 to +500 x
TSC2-11 Thrust Chamber Skin -300 to +500 X
TSC2-12 Thrust Chamber Skin -300 to +500 x
TSC2-13 Thrust Chamber Skin -300 to +500 x x
TSC2-14 Thrust Chamber Skin -300 to +500 x
TSC2-15 Thrust Chamber Skin -300 to +500 b
TSC2-16 Thrust Chamber Skin -300 to +500 3
TSC2-17 Thrust Chamber Skin -300 to +500 b
TSC2-18 Thrust Chamber Skin -300 to +500 x
TSC2-19 Thrust Chamber Skin -300 to +500 x
TSC2-20 Thrust Chamber Skin -300 to +500 x
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AEDC
Code

TSC2-21
TSC2-22
TSC2-23
TSC2-24
TSOVAL-1

TSOVC-1
TSTC
TSTDVOC

TTC-1P

TTCEP-1
TTCEP-2
TXOC

UFPR
UOPR
UTCD-1
UTCD-2
UTCD-3
vU1lvsc
u2vscC

VCB

VIB
VIDA
VPUTEP

TABLE [1I-1 (Concluded)

Tap
Parameter No. Range
_Temperatures = S
Thrust Chamber Skin -300 to +500
Thrust Chamber Skin -300 to +500
Thrust Chamber Skin -300 to +500
Thrust Chamber Skin -300 to +500
Oxidizer Valve Closing Control
Line -200 to +100
Oxidizer Valve Actuator Cap -325 to +150
Start Tank Conditioning -325 to +150
Start Tank Discharge Valve
Opening Control Port -350 to +100
Thrust Chamber Jacket
(Control) Cs1 -425 to +500
Thrust Chamber Exit -425 to +500
Thrust Chamber Exit -365 to +380
Crossover Duct Conditioning -325 to +200
Vibrations g's
Fuel Pump Radial 90 deg +200
Oxidizer Pump Radial 90 deg +200
Thrust Chamber Dome 1500
Thrust Chamber Dome +500
Thrust Chamber Dome +500
No. 1 Vibration Safety Counts On/Off
No. 2 Vibration Safety Counts On/Off
Voltage vl
Control Bus 0 to 36
1gnition Bus 0 to 36
Ignition Detect Amplifier 9 to 16
Propellant Utilization Valve
Excitation 0tod

90

Micro-
SADIC

L

E

EE A T

L

Magnetic Oscillo-

Tape

graph

Strip X-Y
Chart Plotter

LR A

I

»®



16

=
i
==~
||
e
ﬁ =itk o ' l
" \ N

\

ﬂ"

— T
= N PR, UCT 7 PRESS

Tar e

a. Engine Pressure Tap Locations

Fig. lll-1 Instrumentation Locations

91-89-41-003V



g6

| -
S mer
3 ot
LD PRESS
£
L
oxo 0D AS] LINE:
II. U WLVE Wt Y

2 T e

—IIMM = [ |

pot—TECP-P
pop—TEC2

Taw-ia

b. Engine Temperature, Flow, and Speed Instrumentation Locations

=

o /

U—

Fig. lll-1 Continued

91-89-31-0d3V



€6

/— TSOVC-1

T R\
o)
f ,-'_rryr;.*.f;mq;ggg@f{/ﬂ"ﬁ\'\\\\\.\ﬁ\\\\\\\\\\
;m//:/{ T
g ]

‘\\‘5\.\\\\\\\\\\\1

TSOVAL-1—

Ve \3\\\\\\\\\\\\\\‘\\\\ \‘§

R
) !ﬁ))fm#ﬂ@ i 7

- S J N
TR .7 J N
: mﬂ”m’"" winiini) Afw‘ E’/ﬂﬂﬂfﬂﬂﬂfmf%ﬂﬁ Wis a %

(I I|H|
ol

l{a:l.n Oxidizer Valve

c. Main Oxidizer Valve

Fig. lll-1 Continued

il ! i
| iy hinaggy 1102 :
// - / 7/"\'{\ DR . 1 'E:,' ( TSOVA.L—Z
7 TR W
..i:/ : i % NN ) :

Closing Control Line —l

91-89-31-0Q3V



AEDC-TR-68-16

@TSTDV%
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Four-Way Valve

d. Start Tank Discharge Valve
Fig. l11.1 Continued
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AEDC-TR-68-16

APPENDIX IV
METHODS OF CALCULATIONS (PERFORMANCE PROGRAM)

TABLE iv-1
PERFORMANCE PROGRAM DATA INPUTS
I;\.?:.l Parameter
1 Thrust Chamber (Injector Face) Pressure, psia
2 Thrust Chamber Fuel and Oxidizer Injection Pressures,
psia
3 Thrust Chamber Fuel Injection Temperature, °F
4 Fuel and Oxidizer Flowmeter Speeds, Hz
5 Fuel and Oxidizer Engine Inlet Pressures, psia
6 Fuel and Oxidizer Pump Discharge Pressures, psia
7 Fuel and Oxidizer Engine Inlet Temperatures, °F
8 Fuel and Oxidizer (Main Valves) Temperatures, °F
9 Propellant Utilization Valve Center Tap Voltage, v
10 Propellant Utilization Valve Position, v
11 Fuel and Oxidizer Pump Speeds, rpm
12 Gas Generator Chamber Pressure, psia
13 Gas Generator (Bootstrap Line at Bleed Valve)
Temperature, °F
14 Fuel* and Oxidizer Turbine Inlet Pressure, psia
15 Oxidizer Turbine Discharge Pressure, psia
16 Fuel and Oxidizer Turbine Inlet Temperature, °F
17 Oxidizer Turbine Discharge Temperature, °F

*At AEDC, fuel turbine inlet pressure is estimated from
gas generator chamber pressure.
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NOMENCLATURE

Area, in.2

Horsepower, hp

Characteristic velocity, ft/sec

Specific heat at constant pressure, Btu/lb/°F
Diameter, in.

Head, ft

Enthalpy, Btu/lby,

Molecular weight

Speed, rpm

Pressure, psia

Flow rate, gpm

Resistance, sec2/ft3-in,2

Mixture ratio

Temperature, °F

Theoretical characteristic velocity, ft/sec
Weight flow, lb/sec

Pressure drop, psi

Ratio

Ratio of specific heats

Efficiency

Degrees

Density, 1b/ft3

Ambient
Ambient at thrust chamber exit

Bypass nozzle
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BIR
BNI

CF
CcO
Ccv

EF
EM
EO
EV

em

FIT
FM
FY

GF
GO
H1
H1R
H2R
IF
IO
ITF
ITO

NB

Bypass nozzle inlet (Rankine)
Bypass nozzle inlet (total)
Thrust chamber

Thrust chamber, fuel
Thrust chamber, oxidizer
Thrust chamber, vacuum
Engine

Engine fuel

Engine measured

Engine oxidizer

Engine, vacuum

Exit

Exit measured

Thrust

Fuel turbine inlet

Fuel measured

Thrust, vacuum

Fuel

Gas generator

Gas generator fuel

Gas generator oxidizer

Hot gas duct No. 1

Hot gas duct No. 1 (Rankine)
Hot gas duct No. 2 (Rankine)
Inlet fuel

Inlet oxidizer

Isentropic turbine fuel
Isentiropic turbine oxidizer
Nozzle

Bypass nozzle (throat)
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NV Nozzle, vacuum

O Oxidizer

oC Oxidizer pump calculated

OF Outlet fuel pump

OFIS Outlet fuel pump isentropic
OM Oxidizer measured

0] Oxidizer outlet

PF Pump fuel

PO Pump oxidizer

PUVO Propellant utilization valve oxidizer
RNC Ratio bypass nozzle, critical
SC Specific, thrust chamber
SCV Specific thrust chamber, vacuum
SE Specific, engine

SEV Specific, engine vacuum

T Total

To Turbine oxidizer

TEF Turbine exit fuel

TEFS Turbine exit fuel (static)

TF Fuel turbine

TIF Turbine inlet fuel (total)
TIFM Turbine inlet, fuel, measured
TIFS Turbine inlet fuel isentropic
TIO Turbine inlet oxidizer

t Throat

A" Vacuum

\ Valve

XF Fuel tank repressurant

X0 Oxidizer tank repressurant
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PERFORMANCE PROGRAM EQUATIONS

MIXTURE RATIO

Engine

¥EO

TE = WEF

Weo = Wom - Wxo

Wer = Wrn -~ WxF
Wg = Wgo + WgF

Thrust Chamber
W
Ic WLC‘:'

Wco = Wom - Wxo - Wco
Wcr = Wpy ~ Wxr - WgF
Wxo = 0.8 Ib/sec

Wxr = 1.8 Ib/sec

Wco - Wr ~- Wgr

Wt
WGF T o1y G
Wr . PriF Atir Ke
TC*TIF
K, = 32.174

Wc = Weco + Wer

CHARACTERISTIC VELOCITY

Thrust Chamber

P K? Pc A:

K, = 32174
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DEVELOPED PUMP HEAD

Flows are normalized by using the following inlet pressures, tem-
peratures, and densities.

Pio = 39 psia
PiF = 30 psia
Pio = 70.79 1b/f°
pip = 4:40 Ib/ft°

Tio = -295.212°F
TIF = -422.547°F

Oxidizer
Poo Plo)
Ho = K Lo _ 2D
0 ¢ (Poo Pio
K4 = 14'4
p = National Bureau of Standards Values f (P,T)
Fuel

H¢ = 778.16 AhoFIS
Akoris = horis - hirF

horis = (P, T)
hir = {(P,T)

PUMP EFFICIENCIES

Fuel, Isentropic

_ horis - hiF
= Thor - hiF
hor = f(PoF, TOF)

Oxidizer, Isentropic

70 = Moc Yo
2
70c = Keo (—%P—OO) + Kso (Ql_\l"(;))_'_ Kgo
Kio = 5.0526
Kso = 3.8611
Kgo = 0.0733
YO = 1.000
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TURBINES

Oxidizer, Efficiency

_ Bro
M0 = Brro
%ro Ho
Bto = Ks Mo
Ks = 0.001818
Wpo = Wom + Wpuvo

Zprvo POO
Wpuvo = ’L‘;‘O__
v

Zruyvo = A + B (Poo)
A = -1597
B = 2.3828

IFPgo > 1010 Set Poo = 1010

fpuvo
InR = A, + B, (Gpyvo) + C(fpyvo)® + Dy (e)

opgvo fpuvo |2
+ E, (Opyvo) (e + F, [(e) ’

Ay = 5.5659 x 10~!
B, = 1.4997 x 10~2
C, = 7.9413 x 1076
D, = 1.2343

E, = -7.255¢ x 1072
F, = 5.0691 x 10~2
fpyvo = 16,5239

Fuel, Efficiency

1TF = B%TrFT—
Bitr = Kyo Ahy Wr

Ahy = hTiF ~ hTEF

Btr = BPF = Ks (Wpfl—fﬂf)
Wpr = Wry

K;o = 1.4148

Ks = 0.001818
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Oxidizer, Developed Horsepower
B1o = Bro + K;g

Wpo Ho

Bro = Ks o

Ksg = =15

]

Fuel, Developed Horsepower

Btr = BpF
W il
Bpr = Ky —RE f

Fra

WpF
Fuel, Weight Flow

Wrr = Wr
Oxidizer Weight Flow

Wro - Wr - Wg

AEDC-TR-68-16

2 a YH2-1
2K YHe YHa Anp Ppni
Wg = | ——H2 (Pano) 1 - (Prye)
YH2 -1 (RygaTgip) %
Panc = f (BNB. Yo
DyB
AvB = 55
Yo Mys = f(Txar, Rg) =
AnB = K3 Dy
Ky3 = 0.7854
TBIR = TTio + 460
PaNi = PTEFS
PTgrs = lteration of PTLF
2 )’Hz
_ W T ruz-1\ | Ynz-1
Prer = Pregrs |1 + K . A28 -
® \Prers Ddrgr Muo
Ka = 38.8983

103



AEDC.TR-68-16

GAS GENERATOR

Mixture Ratio

rg = D, (Ta))?® + C, Tup)? + B, (Tgy + A,

A, = 0.2575
= 5.586 x 10~
C. = -5.332 x 1077

D, = 11812 x 10°!!

Tal = TTiFM

TC*1ir = D, (Tu1)® + C, (TH1)? + B, (Tu1) + A,

A, = 4.4226 x 103

B, = 3.2267
C, = -1.3790 x 10-3
D, = 2.6212 x 1077

Yup—!

w 2 Ty
Prir = Prirs|1 + K T 1R
\Prirs Dirir My,

~
]

38.8983

Note: Pr(r is determined by iteration.
THir = TTIF

Mu1, Yi1, Cp, ra1 = £ (THIR, rG)
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